Introduction {#sec0001}
============

An excluded calyx is an acquired, rare urologic diagnosis where a functional portion of the renal collecting system has lost continuity with the remainder of the collecting system [@bib0001], [@bib0002], [@bib0003]. Multiple potential etiologies exist for this condition--including infection, trauma, urinary tract calculi, malignancy, and iatrogenic causes \[[@bib0001],[@bib0004]\]. A hydrocalyx is similar, can be congenital or acquired, and includes a narrowed infundibulum that maintains continuity to the collecting system [@bib0003]. Both conditions can present with pain, recurrent urinary tract infections, or hematuria and could reflect a continuum where a stenotic infundibulum obstructs over time \[[@bib0001],[@bib0003],[@bib0004]\]. Calyceal diverticula, another congenital pathology, can present similarly when symptomatic, but do not have functional capacity [@bib0002]. The diagnosis of an excluded calyx, hydrocalyx or calyceal diverticula can be made with cross sectional imaging but is more accurately made with antegrade or retrograde pyelography [@bib0001]. Treatment for these 3 conditions has evolved from comparable open surgical procedures to more minimally invasive techniques, given their similarities [@bib0001], [@bib0002], [@bib0003], [@bib0004], [@bib0005].

Establishment of long term and reliable urinary drainage is crucial as it can prevent loss of renal function, recurrent urinary tract infection, persistent hematuria, and possibly relieve pain. Currently, there is no algorithm or standardized treatment approach for the treatment of an excluded calyx or hydrocalyx, unlike for a symptomatic calyceal diverticulum \[[@bib0001],[@bib0003]\]. The treatment approach for a calyceal diverticulum has been used to guide the treatment of an excluded calyx or hydrocalyx with a shift from invasive procedures to minimally invasive ureteroscopic or percutaneous techniques \[[@bib0001],[@bib0004]\]. Available literature identifies reestablishment of pelvicalyceal communication by creating a neoinfundibulum as an important principle in treatment of these conditions which can be approached using a combination of anterograde and retrograde techniques \[[@bib0001],[@bib0004],[@bib0006]\]. The treatment process can involve neoinfundibular creation with track dilation and stent placement, though infundibulotomy and stenting has also been described \[[@bib0001],[@bib0003],[@bib0004],[@bib0006], [@bib0007], [@bib0008]\]. Both treatment options are viable when using either a ureteroscopic or percutaneous antegrade approach \[[@bib0001],[@bib0003],[@bib0004],[@bib0006], [@bib0007], [@bib0008]\].

At our institution, we have diagnosed an excluded calyx in 2 separate patients and offer a previously undescribed, novel technique for treatment. Both patients underwent minimally invasive procedures to create a neoinfundibulum with subsequent repeat balloon dilations of the new track by Interventional Radiology (IR) or Urology.

Case reports {#sec0002}
============

Case 1 {#sec0003}
------

Patient 1 is a 17-year-old male who presented in transfer as the restrained backseat passenger in a high speed motor vehicle accident. His initial injuries included a traumatic ventral hernia, left hemopneumothorax, grade IV left kidney injury, grade II-III splenic injury, liver laceration, multiple left rib fractures, and coccygeal fracture. Following presentation, he was taken emergently to the operating room with general surgery for an exploratory laparotomy, and among other findings, was noted to have a nonexpansile left retroperitoneal hematoma.

Urology was consulted the following day. His past urologic history is significant for a right ureteropelvic junction obstruction treated by a pyeloplasty as an infant. The initial urologic recommendation was to obtain a CT scan with delays, which revealed a grade IV left renal laceration with urinary leak.

Due to persistent fevers, he was taken to the operating room for a left ureteral stent placement. A retrograde pyelogram demonstrated a urine leak from his left kidney. Over the next several days, he had persistent fevers and leukocytosis. Repeat imaging demonstrated an enlarging left perinephric fluid collection, and he subsequently underwent percutaneous drainage of the fluid collection by IR.

He continued to exhibit fevers with leukocytosis, and repeat delayed imaging demonstrated persistent urinary leak. He therefore underwent percutaneous nephrostomy tube placement by IR to divert urine from the leak. A percutaneous antegrade urogram revealed that the left upper pole collecting system had separated from the remainder of the collecting system and become isolated due to the trauma with no opacification of the left renal pelvis upon contrast media instillation into the upper pole collecting system. IR placed 8Fr nephrostomy tubes into both the upper and lower pole separated collecting systems of the left kidney, which were left to bag drainage. Following the procedure, he was discharged home in improved condition.

Approximately 1 month after discharge, the patient presented to another institution with pyelonephritis. A CT scan revealed a central hematoma dividing the left kidney ([Fig. 1](#fig0001){ref-type="fig"}), with both upper and lower pole nephrostomy tubes in place. Because he was failing conservative management of his injury, he was transferred to our institution, where he underwent ureteroscopy. Retrograde ureteroscopy was unsuccessful at accessing the upper pole collecting system from the left renal pelvis. Attempts at passing a wire retrograde into the isolated left upper pole collecting system were also unsuccessful. Therefore, through the upper pole nephrostomy tube access, using sharp recanalization, a connection between the upper pole collecting system and the renal pelvis of the left kidney was established ([Fig. 2](#fig0002){ref-type="fig"}). The track was dilated and a nephrostomy tube was left across the neoinfudibulum. A separate nephrostomy tube was left behind to drain the excluded calyces. After several more weeks, he underwent conversion of the upper left nephrostomy tube to a left nephrostomy tube with extended sideholes, with the proximal side-holes located within the upper pole collecting system of the left kidney, and the pigtail placed across the previously dilated track of the neoinfundibulum and into the pelvis of the left kidney.Fig. 1Sagittal (A) and coronal (B) CT images demonstrate a central hematoma separating the upper and lower moieties of the left kidney. Linear hyperdensities in the upper and lower moieties, best seen on image B, are upper and lower nephrostomy tubes present at the time of imaging.Fig 1Fig. 2Percutaneous wire access was established to the upper moiety of the kidney, with a catheter advanced over the wire in to the collecting system. Contrast was injected through the existing lower moiety nephrostomy (A). The nephrostomy tube was then removed and replaced with a catheter. A wire was advanced through the catheter in the lower moiety which was then snared to establish access between both upper and lower moieties (B). Balloon dilation was then performed along the track (C), with a nephrostomy tube placed across the newly dilated track to maintain patency (D). The lower moiety nephrostomy tube was also replaced.Fig 2

He was seen in outpatient urology clinic for follow-up approximately 2 weeks after discharge and began discussions about the possibility of requiring a left upper pole heminephrectomy or left radical nephrectomy. The goal at this point was to preserve as much renal function as possible without the morbidity of repeated episodes of left pyelonephritis. A renal scan showed the split function was 63% from the injured left kidney and 37% from the right kidney. Because of the patient\'s age and significant contribution of the left kidney to his overall kidney function, aggressive techniques were warranted to save the left kidney. He therefore underwent repeat balloon dilatation, and a new nephrostomy tube was placed across the dilated neoinfundibulum track, and the second, lower left nephrostomy tube was removed.

He underwent 3 subsequent balloon dilatation procedures over a 3-month period ([Fig. 3](#fig0003){ref-type="fig"}). The neoinfundibulum remained patent. The left nephrostomy tube was removed as the patient had repeated urinary tract infections. Follow-up ultrasounds have shown no left hydronephrosis. He has done well clinically to date. He has remained free of a urinary tract infection since the left nephrostomy tube was removed 14 months ago.Fig. 3Repeat evaluation of the previously established connection (as described in [Fig. 2](#fig0002){ref-type="fig"}) demonstrated near complete obliteration of the tract. Using a similar wire, catheter, snare technique as described in [Figure 2](#fig0002){ref-type="fig"}, access was re-established (A), as proven with contrast injection (B). A nephrostomy tube was again placed across the freshly dilated track (C).Fig 3

Case 2 {#sec0004}
------

Patient 2 is a 39-year-old woman who presented with subxyphoid pain. Ultimately, a CT scan was obtained, which showed a 3.5 cm heterogeneous, solid enhancing renal tumor in the lower pole of the right kidney, located posteriorly, with no obvious regional lymphadenopathy. After work-up and discussion, she elected to proceed with a robotic-assisted laparoscopic right partial nephrectomy. She had an uncomplicated hospital course. Her pathology returned as clear cell renal cell carcinoma, pT1a, pNx. The surgical resection margins were negative.

A CT scan was obtained 3 months after surgery. It revealed a very large right perinephric fluid collection ([Fig. 4](#fig0004){ref-type="fig"}a). It also demonstrated a right upper pole calyx with hydronephrosis ([Fig. 4](#fig0004){ref-type="fig"}b). The right kidney had a mildly delayed nephrogram. She was asymptomatic and the serum creatinine was normal.Fig. 4Axial (A) and sagittal (B) images showing the large right perinephric fluid collection. Hydronephrosis of the upper moiety can also be seen in the sagittal image (B).Fig 4

She elected to proceed with percutaneous drainage with IR. A urinoma drain was left in place, and there was significant output. A fluid creatinine was elevated, consistent with urine.

The concern at this point was that a functional upper pole calyx of the right kidney had been excluded at the time of partial nephrectomy. She underwent right ureteroscopy for diagnostic and potentially therapeutic purposes. A retrograde pyelogram showed total exclusion of the upper pole calyx ([Fig. 5](#fig0005){ref-type="fig"}a). The flexible ureteroscope was passed into the renal pelvis, but urology was unsuccessful at accessing the excluded upper pole calyx. IR was consulted and the patient had a right nephrostomy tube placed into the excluded calyx. The subsequent nephrostogram showed no communication with the renal pelvis ([Fig. 5](#fig0005){ref-type="fig"}b).Fig. 5Retrograde pyelogram (A) performed via ureteral access and antegrade nephrostogram (B) via percutaneous access showing excluded calyces in both patients.Fig 5

The first attempt by IR at restoring continuity between the excluded calyx and the renal pelvis with sharp recanalization was unsuccessful ([Fig. 6](#fig0006){ref-type="fig"}a). Continuity between the excluded upper pole calyx and the pelvis of the right kidney was subsequently successfully performed by IR using a radiofrequency wire ([Fig. 6](#fig0006){ref-type="fig"}b; PowerWire RF Guidewire, *Baylis* Medical Company Inc., Montreal, QC Canada). The track was dilated with a balloon ([Fig. 6](#fig0006){ref-type="fig"}c). A right internal-external nephroureteral stent was left in place across the dilated track of the neoinfundibulum ([Fig. 6](#fig0006){ref-type="fig"}d). One month later, a repeat balloon dilatation was performed and the nephroureteral stent was internalized to a 10Fr x 28 cm double J ureteral stent. Subsequent balloon dilatations and ureteral stent exchanges were performed in retrograde fashion by the urology service ([Fig. 7](#fig0007){ref-type="fig"}). She underwent a total of 6 balloon dilatation procedures of the neoinfundibulum, of which 4 were performed in a retrograde fashion by Urology. Balloon dilatations were performed on a monthly basis, for a total duration of 6 months. The nephroureteral stent was then removed 3 weeks after the final balloon dilation.Fig. 6Initially continuity between the excluded calyx and renal pelvis was attempted using the back end of a stiff wire for the purposes of sharp recanalization, with the intent of snaring the end of the wire once a connection was established (A). When this was unsuccessful, a radiofrequency wire was used to establish continuity via a neoinfundibulum (B). The wire was advanced in an anterograde fashion down the ureter and the neoinfundibulum between the excluded calyx and renal pelvis was then dilated using a balloon (C). A nephroureteral stent was then placed across the neoinfundibulum in order to maintain patency (D). The stent was later internalized, with multiple repeat balloon dilations also performed over a period of 6 months.Fig 6Fig. 7Balloon dilation of the neoinfundibulum using retrograde access.Fig 7

She has done well over the past 2 years without flank pain, infections, or complications from the procedures.

Results {#sec0005}
=======

Our patients developed their pathology due to either trauma or undergoing partial nephrectomy for a renal tumor. Our 2 patients underwent several repeat balloon dilations of the track of the neoinfundibulum. Dilatations were completed by both IR and Urology. Both patients have remained free of symptoms since treatment and continue to maintain serum creatinine levels that are within normal limits.

Patient 1 had several episodes of pyelonephritis between balloon dilatation procedures, while his nephrostomy tube remained in place. After completion of balloon dilatation procedures and removal of tubes, he has done well clinically over the past 27 months. He has had no further episodes of pyelonephritis and no left flank pain. His most recent imaging was a renal ultrasound obtained 6 months after the last balloon dilatation. This showed no left hydronephrosis. His most recent serum creatinine was 1.4 mg/dl and he has been asymptomatic without urinary tract infection for 27 months after removal of his nephrostomy tubes.

Patient 2 did well during her series of balloon dilatations and did not experience complications. After completing balloon dilatations, she has done well clinically over the past 26 months. She has had no episodes of pyelonephritis or right flank pain. The most recent imaging was a renal ultrasound obtained 12 months after the last balloon dilatation. This showed a chronically dilated upper pole calix. The most recent serum creatinine was normal at 1.04 mg/dl. Just prior to initiation of treatment with serial balloon dilatations, a nuclear medicine renal scan showed that the right kidney had a T 1/2 of 52 minutes. After completion of the serial balloon dilatations, the T 1/2 improved to 15 minutes.

Discussion and conclusions {#sec0006}
==========================

The excluded calyx and hydrocalyx are rare urologic diagnoses characterized by functional, urine-producing units of the kidney that have lost normal continuity with the remainder of the collecting system \[[@bib0001],[@bib0003]\]. However, consequences of untreated obstructed calyces can be very problematic for the patient \[[@bib0001],[@bib0003],[@bib0004]\]. Treatment re-establishing normal collecting system anatomy has largely been based on the existing surgical management of symptomatic calyceal diverticula. Minimally invasive techniques are now routinely utilized, with IR and Urology often collaborating. It is key to re-establish reliable urinary drainage between the calyx in question and the remainder of the urinary tract [@bib0001]. Upon review of the literature, there are only case reports and small case series that describe management options for the excluded calyx and hydrocalyx.

Re-establishing reliable urinary drainage between excluded calyces and in the setting of hydrocalyx, as in our case series, makes use of established IR techniques. Recanalization with the stiff, back end of a guidewire for the purposes of "sharp" recanalization is a modified technique that is more commonly used for vascular occlusion [@bib0009], [@bib0010], [@bib0011], [@bib0012], [@bib0013]. A more common method is to use a guiding catheter/needle or coaxial needle/stylet combination [@bib0010]. The use of radiofrequency wires for recanalization of vascular occlusion is also supported by a large body of work and can be applied to urologic problems \[[@bib0009],[@bib0011], [@bib0012], [@bib0013], [@bib0014]\]. Radiofrequency wires can potentially be used to re-establish continuity between soft tissue structures in a similar fashion to re-establishing arterial or venous flow. The main concern arising with either technique is that damage to surrounding soft tissue structures can occur quite easily [@bib0011]. Careful catheter guidance and high-resolution imaging are necessary for the use of these techniques to prevent procedure related complications.

Our 2 cases contribute to the body of literature on the endourologic treatment of the excluded calyx or hydrocalyx. We describe a novel technique, with either sharp or radiofrequency wire recanalization, creation of neoinfundibulum followed by serial balloon dilations of the neoinfundibulum every 1-2 months over a period of 3-6 months by IR or Urology. We believe that this technique should be considered as a safe option for the management of patients who present with this rare urologic entity.
